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RADIATION CURABLE COMPOSITIONS BASED ON UNSATURATED POLYESTERS AND COMPOUNDS 

HAVING AT LEAST TWO VINYL ETHER GROUPS 



BACKGROUND AND FIELD OF THE INVENTION 

The present invention relates to liquid, radiation curable compositions, particularly coating comoositions 
TCgrouS. UnSatUrat8d P0ly9St9r C ° mPOnent m G0 ^ Son «» compound ^^2^1 

ratB^^^^Z^^ ^^^ 0 " 9 p8Sed 0n unsaturat8d PO'yesters is limited by the 
SLI^IJT. .* m !j*?2 r ff ° f radiati0n ln air of ■«*•" compositions containing unsaturated 
T"^' 01 knwn ""^^ted Polyesters cured with styrene typically requJe 
'J* » [f^f* 15 of ionizing radiation (electron beam) for cure or. when cored using actirJc 
S^fcoTa^S ~™ 31 Urates of from 5 to 10 feet/minute/lamp upon exposure to u^rSet 
SJLTJ^L ^2 Tu m9rcuf y W tamp operating at 200 watts/inch at a distance of about 4. 
EZZl *" "* X"™ ™***™ ^ —* disadvantages in 
!l!!. ti PreS f 1t „ i ] V8nti0n iS prlmari,y directed to improving the radiation curing properties of liquid 

TESZ^Z?*"*" ^ Unsaturated P°'y ester olionSs. Other ob£cte 

of the invention will become apparent to the reader infra. 



20 



35 



SUMMARY OF THE INVENTION 



„ n ^„2L P !f ent a ««*ation curable composition comprising: (A) an unsaturated 

Sfl!^^^ 9 80 unSaturated P 0 * 9 * 8 ' PO^er. an unsaturated polyester oligomer or a 
?;^L r ■ (B) a "^'ymertzed. cocurable vinyl ether component which may be separate from 
°^tem% tew* in the unsaturated polyester component provided that the vinyl ethVcom^ 
nem contains an average of at least two vinyl ether groups per molecule of the vinyl ether component 

«, r,r»^rJ^ ' nV !? ti0n te for a method of coating comprising: applying to a substrate a film of a 
Sr^Tl composition of the invention, and curing the composition through its thickness to a 
tack-free state by exposing the film to ionizing radiation and/or ultraviolet light 



DETAILED DESCRIPTION OF THE INVENTION 



A composition of the invention is liquid and is capable of being cured by the application of ionizina 

EtZXZ'S H^T "T! T**^**"* ,l9htsucha8 u ^olet light (UV). The composition's 
M T J£t 1 be applied to a substrate utilizing conventional coating application techniques such as 
40 roll coating curtain coating, doctor blade coating, and/or spray coating. Generally, a composition of the 

S£ THUS 8 "S^ * 25 ***** Cetehis C C) of from 200 to 20.000 centipoises ISvZX 

Vinyl unsa * r8& ™ =i the vinyl ether component which Is present In a W 

SZ?™^ '"TO?, COmbinaton "» «• unsaturated polyester component is available for 

curing (crosslmkmg) with ethylene ^saturation in the backbone of the unsaturated polyester component 

un Ju^^lSL PO)y9S S. r component of *• "fluid, radiation curable composition comprises an 
unsaturated polyester resin. The unsaturated (ethytenically unsaturated) polyester resin can be an unsatu, 
u^^JZ P 2!ir e L an UnSatUrated PO'y 95 ^ oligomer or a mixture thereof. The preparation oU 
SSSSSTJlSTT 2 T" 0 " 01 Un8atUrated Po'yoarboxylic acid or an^ydriTwhh * 
so ™S! J 8 e "" kn0Wn intheart Procssses 'or making unsaturated polyesters include batch 

Sfffr,^ ? n ^ SPr0C8SS8S - herein ' *• t8rrn """saturated polyester- is to be distin- 

guished from unsaturated alkyd resins such as drying-oil modified alkyds 

Unsaturated polyesters for compositions of the invention ordinarily are esterification products of 

SS^JZT'ZF?* "** *** (organic polyo*).K£ an 

unsaturated carboxykc acid having an acid functionality of at least two. more particularly a dicarboxylic acid 
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Z^nT, y 2?!; " U f" 2ed ** 3 Startin9 reactant - 8 of ""saturated dicarboxylic acids and 

'njde: male.c acid, maieic anhydride, fumaric acid and itaconic acid. Maieic anhyS i^a 

* 535 "Si^t? ^ d ° not ™P°'r anZ8 wrth "M"""" such aTviny! ethers as readily aTdo the 
x...<fc,Ee ^stsra (i.e.. esters aenvaa from She trans isomer of maieic acid ie fumaric aeid\ /r~J£Lu 

POhZJr^^^lSJ « P T" °' th8 P°'ycarboxylic component. Preferred unsaturated 
alvc^^nfo?? 8 ? 10 POly f' S $Uit8b,e f0f prepari "9 *• «n««u«»ed polyester resin include: dietfiylene 

^^^■^^^^-^ 

X ^^^^^ y ^ i ^ y ^ y ^^ pi0nate - 0** Po'vo's which are diols are pre- 
forod. Methylene glycol is particulariy preferred since It is readily available and is relatively InLraJ^T 

T^IZS^JI? 8 hydr0Xyl *"*'»«' - *• 2 -ay be^ptoytTL p^^ 
nolitLTSTS? P0,yeSter reS,a rt is ^fe^ »at the major portion.- if not aJI of the u^uraS 
as -£ST ' C ° mPnS6d °' UnSaturated POlyes,w mol ^s which are linear hence the 

vary^der'SlITSL 01 "*» **** *» a of the invention may 

vary widely. However, generally the unsaturated polyester resin has a peak molecular weight as measumd 

neTan^ l'ZJ^,"", ^ res,ns be spared by heating the Dolyc^ScconZ 

^ht? SL2l^l^L ,baT,ed dunnfl *• esterff5cation being distilled off using a sparge of an Inert oas 
^ JSr-STfS 0 " ,OT ^ »• *e of reaction can also bJuSd "tSZelS 

^«uo^ " th ' S ^ indud8 P*-to.uenesu«6nic acid, butylstannoic acid. dibSSdt 

a ^^'^°!l? , !^ ,8 . COm f OSiti0nS °* present utilize a vinyl ether component that provides an 

SnZent US ™ 1^ ^ P>r « ** ether "mpSnent Te ^yf 

^wht!.ri ST^ 819 from * ° r stnjctura)| y incorporated in (as illustrated, for Example, in Examples 
•nfra). the unsaturated component The vinyl ether groups of the vinvl ether comoormnt ZtT^H t— 

■cotSL^S lVr M dU f 9 J 3f unsaturated acid used to make the unsaturated 

unsS^ !,T ^ 9ttier 9roups aw raactive with ethylenic unsaturation derivedfrorr. me 

5? y T exP ° SUf6 0f 3 composition of »e invention to ionizing radiation (electio^am 
^^^S'TT^ 1 " Wi " 68 Und6r8t00d ^co-positio^of the invention^ to^e 

oTSt £&iT 0,>l . " 9 , ht 8 P™*"** 0 ' Photosensitiaer will be combined with the c^oon 
of me invention either pnor to or at the Bme of UV curing. wmposroon 

tinn^T.HT eth !. r ^P 0 " 60 * and unsaturated polyester component are employed in the liquid comoosi- 

comltf a mT^ f "n S£ h,rat9d pclyeste;- cement with vinyi unsaturation provided by the vlnylettuJ 
^Th L ^ Curin9 0< *™ ,iquid "^Position, as for example upon exposure to Sectiw 

^,'ZTL° r T^T im Genefally ' in a ^^on of the invention the clborSSn 
me Sn S ^™r, II fr ° m ^ ^ ^P 0 " 9 "* to carbon^arbon double bond equtvaSS^/ 
the unsaturated polyester component is from 0.1:1.0 to 1.5:1.0. preferably from 0.25 1 0 to 11 1 OfZ^Z 

n-STT 1 ," "ST" ** ^ aftW8aid ^ of -Son-carboJ Si ^equ v^noTS 

"iis: ^ exces8, low ^ we,9ht ^' ether may teS to ~' 

a jL°iI!L!l52? ent « 0f 11,6 inventi0n • 30 unsaturated polyester resin, which does not have vinyl ether 
E£2£?F . , 0 °* *" P0 ' yeSter> iS M in ^binatlon with one or more Z ettw 

compounds containing at least two vinyl eth r groups per molecule. A variety of vinyl ether compound 
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» 3,3 -dimethyl-M -diphenylene diisocyanate; 

,4-diisocyanats; hexameWtene-l.Wiisocyanate; 
z^tnmathylhexane-LWiisocyanate; lysine methyl ester diisocyanate- 

0 S^^^^ 2, " d,i80Cyanate ' P^ydrodiphenylmethane^.^-diisocyanate and mixtures 
s Sf^^T; ^l* 0 '" 6 "!' divlnyl ben2ene " m «"Wv«nyl ether, ethyivinyl etnTanTS^SS 

JitflS^^ isobom y' "»eth)acrylate and tetrahvdrofur- 

ethyJaoS b>s(gan 1 ma-(meth)acryl 3 m,d 8 propoxy, ethane and betaKmethJacrylamide 

and/of ° f inVanti ° n " Suitabte ** «" ^ exposure to .on*„ 9 radiation 

imJSfS TO!" ' S radiati0n havi " 9 80 ener 9y at ,east sufficient to produce ions either direfctlv or 
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in rads for curing a composition of the invention will vary depending on such factors as th particular 
formulation, of the radiation curable composition, thickness of the applied layer of coating composition on 
tti substrate, temperature of the composition, and the like. However, an advantage of compositions of the 
invention is their excellent degree of cure at low doses of electron beam radiation. Generally, a 1 mil thick 
wet film of a composition of the invention can be cured in air through Its thickness to a tack-fre stat upon 
exposure to from 0.S to S m agar ads of ionizing radiation. 

Ultraviolet radiation from any suitable source which emits ultraviolet light having a wavelength ranging 
from about ieo to about 400 nanometers may be employed to cure a composition of the invention. Because 
such ultraviolet fight possesses Insufficient energy to produce ions in a medium composed of common 
roatenals such as air or water, it is considered to be nonionizing radiation. Suitable sources of ultraviolet 
fight are generally known and include, for example, mercury ares, carbon arcs, low pressure mercury lamps, 
medium pressure mercury lamps, high pressure mercury lamps, swirl-flow plasma arcs and ultraviolet light 
emitting diodes. Preferred are ultraviolet light emitting lamps of the medium pressure mercury vapor type 
Such lamps usually have fused quartz envelopes and are ordinarily in the form of long tubes having an 
electrode at both ends. Typically, preferred medium pressure mercury lamps usually employed to cure a 
composition of the invention have outputs of about 200 watts per inch across the length of the tube. Another 
advantage of compositions of the invention is their excellent degree of cure in air at relatively low energy 
exposure in ultraviolet fight Generally, a 1 mil thick wet film of a composition of the invention, provided it 
further comprises a pnotocuring promoter such as a photoinitiator and/or a photosensitizer. can be cured in 
air through its thickness to a tack-free state upon exposure to ultraviolet light by passing the film at a rate of 
20 feet per minute or more under four or fewer medium pressure mercury vapor lamps operating at 200 
•vatts per inch at a distance of 4 inchas from the surface of tha wet film. Photoinitiators and photosensitizers 
for use in ultraviolet light curable compositions are generally known in the art of UV curable compositions 
Bamples of photosensitizers include benzophenone. anthraquinone. and thioxanthone. Examples of 
photoinitiators include isobutyl benzoin ether, mixtures of butyl isomers of butyl benzoin ether. alpha.atoha- 
diethoxyacetophenone. and 

alpha^lpha^imethoxy-alpha-phenylacetophenone. Other examples off photoinitiators and photosensitizers 
can be found in U.S. Patent No. 4.017.652. i - 

Although it is particularly preferred to cure compositions of the invention by UV and/or ionizing 
30 radiation, where desired, they may be thermally cured in the presence of a thermal free radical" initiator. 
Examples include the generally known thermal initiators for curing unsaturated polyesters, some specific 
examplesof which include peroxides such as benzoyl peroxide, methyl ethyl ketone peroxide, cumene 
hydroperoxide, cydohexanone peroxide. 2.4-dichiorobenzoyl peroxide. bis(p-bromobenzoyl) peroxide and 
acetyl peroxide. 

35 Where desired, a thermal polymerization Inhibitor may be utilized in a composition of the invention 
Examples of thermal polymerization inhibitors include pher.olic compounds such as dRertiary-butyl para- 
cresol, and compounds containing secondary or tertiary nitrogen atoms. 

A composition of the invention may also contain a solvent such as conventional aliphatic and aromatic 
solvents or diluents known in the art 

40 Where desired, a composition of the invention may also contain pigment/When it is desired to cure the 
composition with ultraviolet light the pigment utilized is typically an ultraviolet light transparent pigment 
The phrase "ultraviolet light transparent 11 is used to mean that the pigment does not substantially interfere 
with UV curing of the composition. Examples of ultraviolet light transparent pigments include: talc, calcium 
carbonate, aluminum silicate, magnesium silicate, barytas and silica (SiCfe). Coloring pigments generally 

45 employed to impart color in non-UV cured, coating compositions typically absorb or block ultraviolet light 
thereby interfering with UV curing of the composition. Accordingly, where some degree of color tinting of 
the composition is desired, such conventional coloring pigments typically are employed in only limited 
amounts when cure is to be effected utilizing UV. 

The liquid, radiation curable compositions of the Invention are especially useful as radiation curable 

so coating compositions. They can be applied to a variety c; substrates, examples of which include wood 
paper, particleboard. chipboard, metals, metals having primers thereon, glass, plastics, and metallized 
plastics. The radiation curable compositions may be apolied by any known means, for example, brushing/ 
dipping, roll coating, doctor blade coating, spraying, curtain coating, etc. They may be preliminarily dried to 
remove solvent if desired arid then cured by radiation. 

ss The examples which follow are submitted for the purpose of further illustrating the nature of the 
invention in its preferred mbodiments. 

As used in the body of the specification, examples, and claims, all percents. ratios and parts are by 
w ight unless otherwise specifically indicated. Wherever used herein, "pbw" means "parts by weight" 
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EXAMPLE 1 



70 



75 



the preparation of an unsaturated polyester resin utilized in a coating 



This example illustrates 
composition of the invention. 

osnzoquinone. 35 g dibutvith oxida pZs ln„ Z??- } 9 dieth y ,8n e9'ycol. 0.65 g methyl p- 
degrees Celsius c UX^l^^^^^ * Seated ,0*212 

temperature not exceeding 100* C Th^ZlnKj Watar ,s * a head 

vaiue of 8.1 and a (^ZS^tZ ^ST^VTTSl "** *" 

ethylenegVcol monoethyl efter The u^rate^iJ!^ ?' * W . percent "Ms 
of N*ydroxyethy. ^X/SS^J^Jl^^ ° « 30.0 g 

*th the unsaturated pofyester una T«£ JKS£X ^Sff 18 "* ' S ^ 



EXAMPLES 2 and 3 

^ taJS" *" °< two coating compositions of th 

foiioLTgrAtll^^ 8 ° f « Pf0p£red » """9 the ingredients set forth in the 



25 


TABLE 1 




Composition 


Amounts In grams 


30 




Example 2 






(1) Unsaturated Poryester of Example 1 

(2) Triethylenegrycol divinylether 

(3) a!pha.alpha4)iettoxyacetopherione' 

(4) Beruophenone 2 


75.6 
25.0 
0.0 
0.0 


75.0 
25.0 
2.0 
2.0 


35 


1 A photoinrtiator. 

2 A photosensitJzer. 







and^o ^ZT^clZ^T^l^ l (hereln d6Si9nated 2b " 2c and 2d, 

with a 5 mil ^^^S^^SL 9 ^T 3b > « drawn down 

films are cured as set ZSZZZ£%w7 * ■**"•" °' " ^ ^ 
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Sample 
2a 



2b 



2c 



2d 



3b 



TABLE 2 

Curing Conditions 
Electr n beam (EB) in. 
nitrogen @ 3 megarada (MR) 1 



EB in nitrogen @ 2 Id 



EB in air 6 3 MR 



EB in air 6 3 MR followed 
by ultraviolet light (UV) in 
air (4 lamps; 40 ft/min) 2 



3a UV in air (4 lamps; 40 ft/min) 3 



UV in air (4 lamps; 60 ft/min) 



Remarks 

Results in a hard, 
tough, highly glossy, 
somewhat brittle film. 
Results in a hard, 
tough, highly glossy, 
somewhat brittle film. 
Results in a highly 
glossy film with good 
through-cure (slightly 
"greasy" surface). 
Results in a hard, tough 

film with slightly -lower 

j 

gloss, slight initial 
mar and slight 
mottling. 

Results in a hard, 0 
tough, highly glossy 
film with no settling. 
Results in a hard, 
tough, highly glossy 
film with no mottling. 
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The fil» is irradiated in an atmosphere containing nitrogen uith a 
total doae of 3 megarads of electron beam radiation. 

The film is fi r8t exposed to . total dose of 3 megarads of electron 
b«a» radiation in aslant air folloy.d b X eapoaur. to ultraviolat light 
by paaaing th. film at a rate of 40 fee, per minute beneath 4 medium 
presaura. mercury vapor las*, each operating at 200 watts/inch at a 
distance of four inches fro. th. aurf ace of the f il». 

The film 1. irradiated- with ultraviolet light by paaaing the film at 
• rate of 40 feet per minute beneath 4 medium pr.asure. mercury vapor 

» " 200 waets/lnch at a diataoc. of four inch.. from 

th. surface of the film. 
4 

Same as footnote 3 except a apead of 60 feet per minute ia utilized. 

38 totThaT ST ^ *' ° f ^ ^ * * *■ ^a and 3h add«onaU y postured in air 
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EXAMPLE 4 



9radua.^haated to ciW<^M2 T£? ^ ^Istannoic add. The charge Is 
removed at a head temoe^Tnorex.LL?,^ %^ * 2* 1 m ' * dist! " ate is 
« resin having an add ffi^TfiE^^^Jffi is *" unsaturated polyester 

weight of 4813 measured bv oel Lm^n, ^ . ^ SC0Sf,y 01 Z ' 8 "■W* average molecular 
po^cfiaperslty IndToma * chromatography (QPQ using a polystyrene standard, and a 



EXAMPLES 5. 6 and 7 
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TABLE 3 
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Composition 


Amounts in grams 


Example 5 


Examples 


Example 7 


(t) Unsaturated Polyester of Example 4 

(2) Triethyleneglycol divinylether 

(3) teobutyl benzoin ether 1 

(4) Benzophenone 2 


75.0 
25.0 
0.0 
0.0 


75.0 
25.0 
2.0 
2.0 


0.0 
10.0 
0.2 
0.2 



■ A photosensitizes 



6a. ft ?£SZL ^ iS? ta T m ° m 01 Examp ' eS 5 mrough 7 < herein designated Samp.es 5a. 5b 
h^'« IS ^Sf th ? ly) 3,8 drawn down with a 5 mil bar on filled parUcteboard to provide wet films 
havng a th«*ness of 2.5 mils (0.064 mm). The film, are cured as set forth in the SvTMU 4 
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6a 



6b 



7. 

7b 



Curing Conditl ns 

EB In nltrog.n g 3 MR 1 



5b EB in nitrogen 9 2 MR 2 



0V In Air i (4 lamps; 
40 ft/sin) 3 



0V in air <*, leaps? 
80 f t/mln 4 

EB In nitrogen § 3 MR 5 
OV in air (4 laaps; 
20 ft/«in) 6 



TABLE 4 

Rtmarks 

Results in a very hard. mar-free, 
highly glossy, film having good 
fila integrity, best gouge 
resistance and least brittleneas 
of the Samples. 
Results in a hard, Mr-free, 
highly glossy , soma what brittle 
f il* having fair to good film 
integrity. 

Results in a very hard, mar-free, 
highly glossy, brittle film having 
excellent film integrity. 
Results in a hard, highly glossy, 
brittle, film having good film 
Integrity and variable mar. 
Did not cure. Remains wet. 
Did not cure. Remains vet 



The £11. 1. irradiate in an et»eph*re containing nitrog.n Wth a total 
dose of 3 aegarads of elacsron bean radiation 
2 e 

Saae as 5a axctpt 2 Mgarads is used. 

The fil. U irr.di.tad with ultr.Vl.let light b, passing th. fil* at . 
«t. of 40 f..e par ainut. banaath 4 nadiun P ra. ror e. .„ C ury vapor leap. eac h 
operating at 200 vatts/inch at a distance of four incha. fro. th. surface of 
the fll.. 
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Same ae 6a escape a spaed f 80 feet par minute is us d. 
Saaa as 5a. 

Sana as 6a except a speed of 20 feet per minute Is used. 



EXAMPLES 



, ™ S °^?*> " ,us *f» « *• preparation of « unsaturated polyester resin, (b) the preparation of a 
t£ inSSS hi!** (c> ths P^P"** «« --adtation curing of a polyester urethane composition of 
the invention having an average of two vinyl ether groups per molecule. 

whh «?n A /!!? 0n J' 9 f el f QUipped means ,or stoam <«8ti"aton and a nitrogen sparge is charged 
^nT 9 i iT** maIeiC 838 0 9 < 60 motes ) dlothyleneglycbl. X g btrtylstannoic add 

S m . l 9 rjSl y ^ °- 1,18 Char " is 9 fadual| y heated »o 209 degrees Celsius (' G) while a total of 
n^Tl^.f?" ""^"O water is ^oved at a head temperature not exceeding .105*0. The resulting 
^^'^^Mnsaturated I polyester polyol having an acid value of 1.4. a Gardner-Holdt bubble tube 
viscosity of Z4+. and a hydroxy! value of 158.5. 

t»n,o«i b ^ r !^ 0 j!,^ SS9, / T PP8d means ,or maintaini "9 a Wantet of nitrogen is charged at ambient 
ternperalure wrth 444.0 g (2.0 moles) isophorone diisocyanate and 0.7 g of 2.6-di^arybutyl-4-methyl- 
phenol. The charge ,s heated to 41 C at which temperature the dropwise addition of 44,ydroxybutyl vinyl 
m ^ ^T" 88 v**™ is ^^"ed over 2 hours and 5 minutes at 41* C until a total of 232.0 

^r^ w2^^? «r ny ' e * , ,!:.^ S been added ^resulting Product which is a diisocyanate -half 
capped with the vinyl ether, is allowed to cool to room temperature. ■ 

i^mJStl^l 00 'If* ? Ch8r " d with 3380 S of the -half capped- diisocyanate of part (b) 

' mn ^fgy J 0 ** ™» charge is heated to 56'C at which temperature the slow addition the 
u^aturaled^^ye^ ijolyol of part (a) immediately above is begun. The addition is continued over 2 hours 
IT!i n ? 1,n, r 9 thB tem P«ature between 88 and 74*C until a total of 519.4 g (2.0 equivalents) of the 
Z^JlSS S** ?" ^ ^ reaction product which represent a ZposS 2 Sre 
L^STL analyate of the product show7no residual 

isocyanato functionality. The product has a Gardner-Holdt viscosity of 26-; a peak molecular weight of 1796 
and a weight average molecular weight (GPC using a polystyrene standard) of 2924. 

Two percent by weight of aipha.alpha-dlethoxy acetophenone is added to the product and samples are 
^J°T" Sm9 10° wire ^° und aluminum panels and the resulting films are .allowed to 
Jk^ITE T** f, 150 F (65 ' 6 C) - 7hereafter - th8 films "» cured by exposing them in ambient air 
to uv «ght from four medium pressure mercury vapor lamps operating at 200 watts per inch at a distance 

of four ' TCh8 V?^ *5 l urfacQ 01 * e Wm ^ *» films are passed beneath the lamps at the rates set forth in 

the followng TA8LE S. Properties of the resulting cured films sre also summarized in TABLE 5. 

TABLES • 



Una Speed 
(Feet/Minute) 


Remarks 


40ft/min 
60ft/min 
80 ft/min 
100ft/min 


Cured film does not mar. 
Cured film does not mar. 
Cured film mars slightly. 
Cured film mars. 



aJi^J^^S' m fr^ * * C ° mPOSiti0n StHI radiati0n cures after «"° woeks a " h °t room' 
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1. A liquid, radiation curable, composition comprising: an unsaturated polyester component comprising 
an unsaturated polyester polymer, an unsaturated polyester oligomer or a mixture thereof; and a non- 
polymerized, cocurable vinyl ether component which may be separate from or structurally incorporated in 
said unsaturated polyester component, provided that said vinyl ether component contains an average of at 
least two vinyl ether groups per molecule of said vinyl ether component 

2. The composition of claim 1 wherein a i mil thick wet film of said composition crosslinks in air 
through its thickness to a tack-free state upon exposure to from 0.5 to S megarads of ionizing radiation, or 
provided said composition further comprises a photoinitiator. upon exposure to ultraviolet light by passing 
said 1 mil thick wet film of said composition containing said photoinitiator at a rate of 20 feet per minute or 
more under four or fewer medium pressure mercury vapor lamps operating at 200 watts per inch at a 
distance of 4 Inches from the surface of said wet film. 

3. The composition of claim 1 wherein the ratio of carton-carbon double bond equivalents of said vinyl 
siher groups to carbon-carbon double bond equivalents from said polyester, is in a range of from 0.1:1.0 to 
1 .5:1 .0. 

4. The composition of claim 3 comprising a photoinitiator. 

5. The composition of claim 3 comprising a thermal polymerization inhibitor. 

6. The composition of claim 3 wherein said unsaturated polyester component comprises an unsaturated 
polyester polymer having a peak molecular weight as measured by gel permeation chromatography using 
a polystyrene standard, in a range of from 800 to 50,000. 

7. The composition of claim 6 wherein the ratio of carbon-carbon double bond equivalents of said vinyl 
ether groups to carbon-carbon double bond equivalents of said polyester is in a range of from 0.25:1.0 to 
1.1:1.0. 

8. The composition of claim & wherein said unsaturated polyester component comprises an unsaturated 
polyester polymer having a peak molecular weight as measured by gel permeation chromatography using 
a polystyrene standard, in a range of from 1 200 to 5,000. 

9. The composition of claim 1 wherein said unsaturated component is of an unsaturated polyester- 
ethane pclymsr, an unsaturated polyester^rethsre oligomer or a mixture thereof. 

30. 10. The composition of claim 1 wherein said unsaturated component comprising an unsaturated 
polyester polymer, an unsaturated polyester oligomer or a mixture thereof is separate from said vinyl ether 
component _ 

1 1 . A method of coating comprising: 

(A) applying to a substrate a film of a liquid, radiation curable composition containing an unsaturated 
as component of an unsaturated polyester polymer, an unsaturated polyester oligomer or a mixture thereof. 

and a vinyl ether component which may be separate from or structurally incorporated in said unsaturated 
component, provided that said vinyl ether component contains an average of at least two vinyl ether groups 
per molecule of said vinyl ether component and 

(B) curing said composition through its thickness to a tack-free state by exposing said film to ionizing 
40 radiation and/or ultraviolet light . 

12. The method of claim 11 wherein the ratio of carbon-carbon double bond equivalents of said vinyl 
sther groups to carbon-carbon double bond equivalents from said polyester is in a range cf from 0.1:1.0 to 
1.5:1.0. 

«s 1 3. The method of claim 1 2 wherein said composition contains a photoinitiator. 

14. The method of claim 12 wherein said composition contains a thermal polymerization inhibitor. 
■ 15. The method of claim 12 wherein said unsaturated polyester component comprises an unsaturated 
polyester polymer having a peak molecular weight as measured by gel permeation chromatography using 
a polystyrene standard, in a range of from 600 to 50.000. 
so 16. The method of claim 15 wherein the ratio of carbon-carbon double bond equivalents of said vinyl 
ether groups to carbon-carbon double bond equivalents of said polyester is in a range of from 0.25:1.0 \6 

17. The method of claim 15 wherein said unsaturated polyester component comprises an unsaturated 

« ^H.^T^l"? * pi * m0,eCUlar wei9h,< 88 measurod b V 9 el f»™eation chromatography using 
ss a polystyrene standard, in a range of from 1 .200 to 5.000. 

18. The method of claim 11 wherein said unsaturated component is of an unsaturated polyester- 
urethane polymer, an unsaturated polyester-urethane oligomer or a mixture thereof. 
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